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NATIOLG AL ADVISORY CCHNMITTIET POR A NAITTICS
ADVATYCE CONFIDUNT1IAL REPORT

COMPARISON OF PITSHING MONENTS PRODUCED BY PLAIN FLAPS AND

Y SPOILARS AND SOME AZRODYNALIC CHARACTERISTICS

OF AM MNACA 22012 AT?WCIL WITH
VARIQUS TEPAS O WP RIS
y Paul E. Purser and Slizakbeth G. lcllinney
SOMMARY
An enalysis and comparlscn has been nede of the
) ltching-moment chearecteristics of elrfolls with plein

flane and snollers. Aerodynamic 3ection chersctaristles
of an NACA 27012 eirfoll having a retrscied slotteld flap
with o2 plein, & slot-1lp, end a rstractsble sileron are
nl progentad for s lorce rauge of eilercon deflectlons.

Tho ensglysis indicated thet the pitciilng moments
producad by snoilers were less oositive then those pro-
duced by plein flsps of equsl effectivensss. The dsta
from two Isolated ctses Indlcsted thet the vltching
moments crest by the snoiler incrsesed less with liech
nunber 1k the oitehine m nts “eroduced by the plsin
flar. The ovogsitive vaelucs of th 1teching morments produced
by both the plein flrps rnd the svoilers uscrceesd ac
the devices were locrted rieaprer the rfoll lesdinz cdeoe.

INTRCDICTION

The NLCA hes underisken g brief investimaztlon of the
pitehlnz-roment chsracterlstics cause ¥y verious laterel-

control aevices for spnlicetion to wing-twist prodblems in
high=-spsed flight. Pliching-moment te for »nlein-Clep

controls Leve wveen published previously (scee references 1
to 5, for exeuple) snd come dats for snoiler-tynz controls
have been publishsad in refersrices 5 tov 7. The e¢flects of

treilinz-edgs modilfcetions on the pltching-moment
choerceteristices of sirfolls with plain fleps nfve boaen
discussed in relerence d.
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Tests in two-dimensional flow of en WACA 23012 airfoll
with & plein sileron snd with two spoiler-type sllerons
(a slot-1lip =ard a retrscteble mileron) were reported in
reference §, but the pitching-moment deta were not presented.
The present report gives the section pitching-moment
charecteristics snd other sz2ction data for these three
arrengements. A brief anslysis is also included of various
iate on the pitching-moment cheracteristics of airfolls
with vlain flsps snd with spoilers.

COEFFICIENT3 AND SYMBOLS

The coefficients end the symbols used herein are
defined as follows:

cy airfoll section 1lift coefficient (1/qc)

Gjo airfoll section profile-drag cocefficient (dr/qc)

Cp airfoll section pitciaing-moment coefllcient about
quarter-chord polnt of =irfoil (m/qec<)

Chg alleron section hinge-moment coefficlent (ha/qcaz)

where

1 airfoil section 1lift

dg airfoil section orofile drag

m airfoil section pitching moment about guerter-
chord noint

hg alleron szctien hinge momant

71 2%

q dynemic prescure szv )

c chord of besic airfoil with £1# neutrel

Ca chord of eileron

(9]
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velocity of frze streom

rmass density or air

mgle cf attecik Jor emirfoi f Infinite esnect
ratio, dsgrens

ailsron dellection, deyrees; positive when
traiilng edge moves down

slotted-fiap deflection, derrzez; positive
trailine edge moves down

chord of snoiler or retrsctable alleron

rojection frcm airfoil surfece of sooller
retractable alleran

listence from &irfoil leading edge to fleap
line or to outer s3dge of sller

rata of change o pitchilnz-monent coefficisnt with

control deflectlon et constent 1lift

chenre of anzlc of attsck with control
ction et coustesnt 1lift

chenge of niteninc-mome:t coefficlient

affective =nzis of attzck at constsnt 11t

Mech number (V/n)

1 ~

velocity of rfound in fr

CONFPIDENTIAL
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APPARATYUS, WMODEL, AND TE3T3

The anparstus, model, and tests are described in
referonce 9, In brial, the %~ by T-foot model wes built
to tne NAZA 22012 alrfoil orofile end, vwhen rountsd In
the Langley 7= by 10-foot tunnel (described ln roference 3),
completely spennea ths test section. The tests wers made
at a dymsmlc presaure of 15.%7 pcunds per sguere fcot,
which cerresvonds to a velority of =zbout 20 miles per hour
and to £ tast Reynolds number of about 2,19 » 10V, based
on the chord of the bssic airfoll. The effective Heynoldsg
number (for mexlmun 1lift coefficients) wes sbout 3.5 x 109,
brsed cn e turbulence r'sctor of 1.6 for ths Lengley 7- by
10-fool tunnel.

The alrfoil nroflle, the slot end flep dimencions,
encd the srrangemenits ¢ the nlsin-flas cnd svoller-tyne
ellerons are pglven in figurs l. The chords of the plain
and slot=1in eilarons end the chord of the rstrectabls
aileron in ite most extendsd positlon were 10 parecnt of
the basic sirfoil chord., The slotted-I1lsp inctrlletion
woeg that desipnated 2-h in referance 3. All teste ronortod

herein ro neds with the slotted flsp retractsd (op = 0°).

ETHODS OF AN ALISIS

The nrimery rerodynricle faector contributing to wing
twist during relling in high-speed f1lisht 1s the pitching
moment produced hy tha letzreli-control device. For normal
wings snd ailerons, the pliching norent croduced hy
allepron deflection twists the wing in such s wsy thet the
1ift Induced by the twist o as he lift indauvcad by the
aileron deflection end thus "activelv reduces the lateral
control evallebla., The pltchin omant {(or the wing twist)
producad by 8 glven sgllcron deflection Inersassss aporox-
imately e3 the sguare of the spoed end ot some oolnt the
11ft inducad by the wing twlst balencas th= 1ift inducsd
by the aileron dellection snd th: rlrpi-ne does not roli
whon  th eilerons era deflscted. tThe snasd et whlch the
later-al control becomes wero ig uncwn =s the revarssl

snecd,.

Iz order tn judge ib ve marlite of varlous
latersl-ccntrel davices vit ect to wing twist, the
pltehing-noment chierpcier 1=t be compsred on ths
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vasis of equnl eflectiveness., Thae pltching-nioment
parsmeter used should therefore ve besed on the chenge
in rolling moment, 1lift, or ecffactive angle of attsecx
nrocuced by the aileron rather then on the n*ﬁ?ron

de
leflection or spoller projection.. The slope |

6a().'cL

was therefore used to ccmrare cll the plein fleans ond
wllers on en  equal-effectivensss basis, since this
aremeter indicetes tha chenge in pitching-meonent coef-
Ticlent rosulting from & unit change in the effsctlive
engle of attack of the nortlon of the wing covered by the
aileron.

The slone of the oitchlﬂr-nowcrt coeft'icient curve
wns talen at constent 11ft (c, = 0.1) beceuse, when the
eirpleane 1s rolled by the eilérons, the aileron section
of th2 wing operstes at nesrly constent 1ift. Although
sneiler-type silerons, since they are used on only one
wing st s time, overste farther fron c:duitio“s of constant
lif't then the plain-flap ellorons, the perascter at
constant 1ift 1s still believed to be more uv'vly rzore-
sentetive of actunl conditions than a psremeter ot constent

n T sttnck.
ngls of & ck /6c )

c1
for plain flaps would be the f'lesp chord but, when uzpoiler
dets must also be presented on 2 couparabla basis, such
ern ebeisse Is no longsr logicel bheceuse spoller chord
(or projection) 12 enelogous to flgp deflection rathrer
then to flen chord. The data were fdarefora plotted
egeinat the chordwise location of the plein-flsp hings
line or of the outer adgze of the spoller. TFor devices
such 23" the slot-lir =2llerons, which were cons!idored to
be spoilers, the locstior used was ths everase locstien
of the alleron trailing edse cver the deflection rsnge
conzidared,

A logical ebcissa egeinst which to plot

All the finlte-span date (references 5 and 6) were
converted to secticn characteristices by use of rofer-
ericss 10 end 1l. The vslues of asnect raotio ussd with
the cherts of raferencs 10 in computing section cheracter-
istics fron the dats of refzsrenca J wers corrected for Nach
numbsr effects by the mathod of rofarsnce 12, At esch
value of Mach number, the geometric aspect rastio wes
multiplied by the factor +1 - K2, Mic procedure givas
an effective reduction in azmect rutio es the Kecii nunmber
iz increcsed.

CONFIDSNTIAL




STATT AT - )
COUFILENTTAL NACA ACR No. L3C2ha

Test deta.- The seradynemle s2ction cherecterlstics
of orn” TACA 2%20%¢ sirfoil hnevinz a retrrcted siotted flap
with ¢ plain, 8 slot-ilp, &end = retracteble elleron are

resented in figure 2. The 1ift snd Adrez (or roliing-
moment end yewing-moment) cherecteristics =nd the hilnge-
noment charsctecistics have bean emyly discuszsed in refer-
ence 9. The oiltchinu-moment dete nresented in filgure 2,
tcgether with other nubllshed sna unputlicshed data for
Mech numbers us to ehout 0.%, hseve been summerized snd ere
presented in figurse 3.

Pltching moments nroduced by ploin flens.- The
experimental agace on the pltchins morents produced by
plein flaps shown 1In flgure 3 agree very well with values
computed from Glausrt's thin-sirfoll theory (references 1
ond 2) both in regnltude and in variation with x/c.
Theaz dete indlzate that, for 2quel chences In effactivs
encls of attackt (equal rolling momsnts), wide-cti.ord f
oroduced apmeilee piltehirg roments tpsn narrce-cnord
ard, consoquantly, thst the use of wide-chord flens
ellow the attsirment of hijhsr velus £ the ravsr
cpezd. The usa of widc-chora fleus, howevar, w
limlited by wkather thelr inge mor te csn be w

.

’
]
balenced to wroduce rzesonabls veluas of stick Torcs.

It should be notca thot ths dsta of rzferance
indlcate thst the pitchineg momsnte »roduced by 2lain
flsns mey bs 4 v oir tns enzle betwesn the
uonsr ori Y 3 [ ) t ths traelling edge.

Pltchin ¢ > seonilers.- The
Xperinencel Q. Ifs T monen s Toroduced by
suvoilers or atlve] : ¢ . %) and
indicate thet L s i2y
locat.d n f'ol - ipe nroducss ths

smellest : , s iz With e eosoller

located ehond of &bout C.;S5c, wing twlst sight
augmsnt reather then roduce the ing effoctivensess.,

Ti:e usc of snollzsrs loceted so nzar t elrfoil liosding
edgs, nhowever, is not rscommended sines ny »ravious
wind-tunre end flight invest icns hLeve indlicated that
the tundencics towerd i Lo rretic ection increess as
the svnollusr is onlecsd nenezr th irfoll lesdingz edos.

CONFTINENTI Al
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The locations of the sooller irstalletions found acceptable
kave varied from about 0.60¢ to sbout 9.C5¢.

Comperison of nitching moments produced by nlain fl:
end sHoliers.- The deta ,regentei'fh fzure 7 indlccte
THEt the vitching moments produced by visin flaps and
snoilers heve ebout equol variations with fla» or gooller

ccm\ are
\8Co /ey

lass roczitive for the spcilors than for the »nlein flaps.
Nnen a conodsrison is made at cherdwise locstlons asrmally
sed - thet 1s, 0.7Cc to 0.75c for s»oilers and 0.20c¢ to
0.05¢ for plain flens, the oltching moments produced by
spoilers ere sbout one-half or less of the pitching
moments orodiuced by »lein flaps cf the seme effectivensss.

chordwise locetion end thet the vslues of

Mach number affects.- Date on the effects of Mach
number or the nltenirg mements »roduced by control
surfsces ars relatlively scarce. 4 comdarison is oresented
in figure 4, howaver, of the effects of liecih number on
the pitching nmomenis produced by a spoiler slleron on the
wing of reference 0 and cn the »itchisg mements produced
by a piain flep on =n LACA 66,1-115 airfoll tested in the
Leanglay 3=foot high-anced tunnel. The pltching moments
produced by the »ninin flep, in sdlition to being isarger
then tlhiose aroduced by the spoiler, alsc Increase with
Mach number at a rats greatsr thau taat indicated by the

Glauert-Prandtl factor - 1-:7-. The wiltching mcments
V132

oroduced by thks snoller, hLowasver, 1ncr:ns:lat e rate
slightly less than that indicatsd by e over
[ Y 3 ‘Jr' =3

edtcd. Although the data
shewn in figure 4 ars not sﬁrict ¥ compareble snd are
an

most of tna Pechnnuxbar rencs te

for two isolsted cescs, ther rs to bo & pnossibllity
thet leck number effects may be smeller cn piteching
moments rroduced by svoilers then on itching moments
hroduced by rlein [laps.

)I l.‘ ——D

An an=srlysis of dats on the »itching-moment cheracter-
isties cof airfoils with plain flass and svoilers Indicated
the followin; conclusions:

CNFIDENTTIAL




CANTTTEINTT A ~ ~ *
CONTPTDENTT Al ACa ACR Fo.

1. The pltchine moments nroduced by spollers were
less positive than those orcduced by rlain flaps of equsl
effectiveness.

2. The positive velues of ths ritching moments
~roduced by both the plain flans sad the spollers dacressed
rs the davices were located nearer the eirfoll leedlng edge,

7, The dates from two isolsted cases indicated that
an incrserce in Mech number csused less increase in the
pitching moments produced by the spoller thrn in those
produced by the plain flan.

Langley demorlal Aeroneuticsl irbor.tory
Wetionsl Advisory Committec or Asronsutics
Langley Fleld, Ve,
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Plain aileron

—%.—Locvs of aileron
v I0c vPper and lower

A edges

Retractable ailerom NATIONAL ADVISDRY

COMMITTEE. FOR AERONAUTICS
CONFIDENTIAL

Frgure /- The NACA 23012 airfoil with various
lypes of aileron and with a slotted flap.
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moment coefficient, cm

Airfoi! section pifching-
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drag coefficient, ¢y,

;
Airforl section profrle-

™~
[\

o

coefficient, c,
a

N ) 11 .

-4 = l‘f rL J—zr 276
Angle of atfack, a,,deqg

(a) Plain aiferon; ¢;=0/0c.

Frigqure 2 .-Aerodynamic section characteristics

of NACA 23012 airfor/ with various types of
alleron. &=0° CONFIDENTIAL
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ABSTRACT:

Sectional characteristics of airfoil having retractabie slotted fiap with piain, slot-
1lip, or retractable aiierons are presented for a large range of ailieron deflections.
The analysts tndicated that pttching moments produced by spoilers were less posi-
tive than those produced by plain flaps of equal effectiveness, aiso that pttching
moments created by the spoiler tncreased less with the Mach number than similar
moments produced by platn flaps. Posittve vaiues of pitching moment decreased
as devtces were located nearer airfoil leadtng edge.
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